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(57) ABSTRACT 

A ?uoroscopy intervention method to obtain an image of an 
object (11) together With radiopaque intervention means 
(30), the method using a rotating cone-beam X-ray source 
(8,9) and a corresponding two-dimensional X-ray detector 
(6) With the object (11) and the intervention means (30) 
positioned betWeen the X-ray source (8) and the X-ray 
detector Due to a cone-beam acquisition and a multi 
slice reconstruction (9') the intervention means (30) can 
have a substantial angulation With respect to the image slices 
(9'), providing the operator’s hand (4) being outside the 
primary X-ray beam This reduces the X-ray dose the 
operator. By providing additional lighting means (60), delin 
eating the primary X-ray source at its periphery, the operator 
is supplied With an information about the spatial position of 
the X-ray radiation. The lighting means (60) can be further 
used to position an X-ray shield (65) of a surface of the 
patient to reduce the X-ray dose due to scattered radiation. 
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FLUOROSCOPY INTERVENTION METHOD WITH 
A CONE-BEAM 

[0001] The present invention relates to a ?uoroscopy 
method for obtaining an image of an object together With 
radiopaque intervention means, the method using a rotating 
X-ray source and a corresponding detector With the object 
and the intervention means positioned betWeen the X-ray 
source and the detector, the method further using processing 
means, said method comprising subjecting the object to the 
X-rays originating from the X-ray source; positioning the 
intervention means Within the object, such that they inter 
cept at least a part of said X-rays; using the processing 
means to present a spatial position of the intervention means 
With respect to the object. 

[0002] The present invention relates also to a system for 
carrying out the ?uoroscopy method according to the inven 
tion. 

[0003] According to a general practice of conventional 
?uoroscopic intervention, the intervention means are guided 
Within the patient by means of, for example a CT-apparatus. 
In this case the operator inserts, for example, a needle into 
the patient, While the intervention means are located Within 
the primary X-ray beam, exposing an interesting volume of 
the patient, so that it can be localiZed on a transmission 
image of the patient. The Width of the primary beam is 
comparable With a cross-section of the intervention means, 
because the dimensions of the beam correlate With a slice 
thickness of the CT image. It is important to have the tip of 
the intervention means together With the surrounding 
anatomy of the patient Within the image. Therefore, the 
beam Width must not be too small and the angle betWeen the 
needle and the image plane must be small. Given these 
constrains the operator hand can hardly be protected from a 
direct X-ray exposure. 

[0004] The problem of the X-ray dose to the operator’s 
hand is addressed in US. Pat. No. 4,485,815. This document 
discloses a ?uoroscopy method for performing percutaneous 
puncture treatment, Wherein the intervention means are 
supplied With an adjustment comprising an elongated radi 
olucent handle, so that the operator’s hands are substantially 
removed from the area of primary X-ray beam. The inter 
vention means are positioned substantially parallel to the 
primary X-ray beam. The movement of the intervention 
means is continuously monitored on a ?uoroscope monitor, 
the intervention means being vieWed in cross-section. The 
problem of the knoWn method lies in the construction of the 
provided handle, increasing the Working lever experienced 
by the operator to maneuver the intervention means. The 
accuracy of the such a positioning of the intervention means 
is a critical issue, especially When Working Within a critical 
area, such as a brain. Another problem of the knoWn 
?uoroscopic method is the fact that the needle is presented 
only as a transversal cross-section, providing a limited 
information about the position of the needle tip Within the 
patient. 

[0005] It is an object of the invention to provide a ?uo 
roscopic method, Wherein the dose to the operator is 
decreased, Whereas the intervention means can be easily 
positioned Within the patient. The ?uoroscopic method 
according to the invention is characteriZed by a cone beam 
being used as the X-ray source, a tWo-dimensional detector 
being used as the detector. According to this technical 
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measure, the generated X-ray beam Will propagate substan 
tially in three dimensions, illuminating a tWo-dimensional 
X-ray detector, thus providing three-dimensional volume 
data of the patient and the intervention means, based on the 
acquisition of tWo-dimensional projections from, for 
example, one rotation. Due to a cone-beam acquisition the 
intervention means can have a substantial angulation With 
respect to the image slices, providing the operator’s hand 
being outside the primary X-ray ?uence. This reduces the 
X-ray dose to the operator’s hand substantially. 

[0006] A preferred embodiment of the ?uoroscopic 
method according to the invention is characteriZed in that 
the spatial position of the intervention means Within the 
object is presented Within one image reconstruction slice by 
means of an image reconstruction algorithm. Since the 
operator can hardly inspect a set of tWo-dimensional slices 
during the intervention, a single reconstructed image pro 
vides all important information about the spatial position of 
the intervention means With respect to the local anatomy of 
the patient. The extended image volume covered by a set of 
tWo-dimensional slices can be used to obtain the important 
image information around the tip of the intervention means, 
for example a needle. Since the individual slices in the cone 
beam geometry are thinner than the complete illuminated 
volume limited by the cone beam geometry, the inherent 
resolution of the image information can be high and is 
mainly de?ned by the resolution of the X-ray detector in a 
longitudinal direction. An example of a suitable image 
reconstruction algorithm is a knoWn method of volume 
rendering or a knoWn method of multi-planar reformatting, 
both being an interpolation technique to generate a virtual 
image oblique to the set of image planes. An example and 
application of such image reconstruction algorithms is given 
in an “Easy Vision” Product Manual, Philips Medical Sys 
tems. The oblique image should be positioned Within the 
imaged volume such that, for example, the biopsy needle is 
located Within the virtual slice. This particular embodiment 
ensures reduced radiation to the operator and a high reso 
lution of the resulting reconstructed image that covers the tip 
of the needle and the surrounding anatomy of the patient. 

[0007] Another embodiment of the ?uoroscopy method 
according to the invention is characteriZed in that the 
position and the orientation of said reconstruction slice is 
a-priori calculated. In case the optimal trajectory of the 
needle path is pre-planned based on a static image acquisi 
tion, it is possible to use the coordinates of the pre-planned 
path to orient the image reconstruction plane. In this case the 
image reconstruction plane is ?xed during the procedure and 
the operator is maneuvering the intervention means so that 
they stay in the pre-determined plane during the procedure. 
An application of this technique is knoWn from Proksa et al 
‘Navigation Support for CT-guided interventional radiol 
ogy’, ECR99, Vienna 1999. 

[0008] Another embodiment of the ?uoroscopy method 
according to the invention is characteriZed in that the 
position and the orientation of said reconstruction slice is 
determined With respect to the on-line reconstructed image 
of the intervention means. Since the biopsy needle is made 
of a radiopaque material, it Will be imaged With a high 
contrast With respect to the surrounding patient anatomy. 
Therefore, it is possible to perform an on-line detection of 
pixel values, above a certain threshold for the X-ray absorp 
tion, in order to reconstruct the needle in three-dimensions. 
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For this purpose one can use a variety of known image 
registration techniques. Aplane cutting the line correspond 
ing With the coordinates of the needle in three-dimensions 
Will be the image reconstruction plane. An advantage of this 
approach is the possibility to guide the reconstruction plane 
in a dynamic mode, according to the movement of the needle 
Within the patient anatomy. 
[0009] Another embodiment of the ?uoroscopy method 
according to the invention is characteriZed in that the 
intervention means are provided With position detection 
means, the processing means comprising further means for 
determining the position of the intervention means relative 
to the object. The biopsy needle could be combined With 
means to register the position and orientation of the needle 
relative to the CT-scanner. The measurement could be simi 
lar to the technique presented by Proksa et al ‘Navigation 
Support for CT-guided interventional radiology’, ECR99, 
Vienna 199. During the examination the physician intro 
duces a surgical or interventional instrument, such as a 
biopsy needle, into the body of the patient. The surgical 
instrument is provided With transmission elements such as 
diodes emitting light or infrared radiation (LEDs or IREDs). 
Such a computed tomography device includes a position 
measuring system With a camera unit mounted, for example 
on a mast. The position measuring system comprises the 
camera unit and a computer. The computer is connected to 
the camera unit so that the camera unit can supply the 
computer With image signals. The camera unit picks up 
images of the transmission elements on the surgical instru 
ment from different directions and a computer computes the 
position of the surgical instrument relative to the camera unit 
from said images. Furthermore, transmission elements, for 
example LEDs or IREDs again, are also provided on the 
gantry of the computed tomography device. The camera unit 
also picks up images of the transmission elements on the 
gantry and the computer computes the position of the gantry 
relative to the camera unit from these images. The position 
of the gantry is related directly to the position of the 
cross-section of the patient of Which a slice image is formed 
in the relevant position of the gantry. It has been found that 
the relationship betWeen the gantry positions measured by 
the camera unit and the position of the cross-section of the 
patient Which is imaged in the slice image can be accurately 
calibrated. The transformation of positions in said cross 
section to corresponding positions in the slice image can be 
derived from the calibrated relationship betWeen the position 
of the gantry and the position of the cross-section of the 
patient imaged in this position of the gantry. On the basis of 
the positions, measured by the camera unit, of on the one 
hand the surgical instrument and on the other hand the 
position of the gantry, also measured by the camera unit, and 
the position, derived therefrom, of the cross-section of the 
patient Which is reproduced in the slice image, it is possible 
to reproduce, using the transformation, also the correspond 
ing position of the surgical instrument in the rendition of the 
slice image. The physician, for example a surgeon or radio 
logical interventionist, can thus track the surgical instrument 
Within the body of the patient in the image Without having 
a direct vieW of the instrument. A CT-apparatus of this kind 
is described in European patent application No. 982020745. 

[0010] The present invention relates also to a system for 
carrying out the ?uoroscopy method according to the inven 
tion. The system according to the invention comprises a 
CT-apparatus, including an X-ray source for producing a 
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cone beam, driving means to move the X-ray source in an 
arc in a plane, a tWo dimensional X-ray detector, interven 
tion means, ?rst processing means for carrying out image 
reconstruction algorithms, second processing means for 
determining an image reconstruction slice. According to the 
system of the invention the X-ray beam is produced by a 
CT-apparatus, the X-ray beam being the cone beam. By 
combining the cone-beam geometry With a corresponding 
tWo-dimensional X-ray detector, the volume data is acquired 
during one run of the X-ray source along an arc about the 
patient. Using the processing means for the image recon 
struction the spatial position of, for example, a needle can be 
determined With respect to the patient anatomy. This posi 
tion of the needle is used by the second processing means to 
calculate the image reconstruction plane for further needle 
positioning Within the patient. 

[0011] Another embodiment of the system according to 
the invention is characteriZed in that the system further 
comprises lighting means to generate a light beam propa 
gating substantially in a plane parallel to a plane adjacent to 
an edge of the cone-beam, spatially delineating the cone 
beam it its exterior. Since the cone-beam rotates, the angle 
of a lighted plane Would also rotate. Therefore, it is prefer 
able to arrange the lighting means so that the lighted plane 
is perpendicular to the radiation axis of the cone-beam. This 
means that for a given tube position the lighted plane can 
only be close to the periphery of the X-ray beam. By using 
this technical measure the operator is provided With a spatial 
delineation of the periphery of the X-ray beam. Thus, the 
operator can position the intervention instrument With such 
an angulation With respect to the periphery of the cone beam 
that his hand does not intercept the beam of the primary 
X-rays. This measure assures the minimiZation of the dose 
to the operator’s hand during a ?uoroscopic intervention 
procedure. A method to visualiZe a primary X-ray beam is 
knoWn per se from US. Pat. No, 5,873,826. In this docu 
ment, a single-slice CT-apparatus is shoWn provided With 
lighting means to visualiZe the solid angle thorough Which 
no primary X-rays are passing during a revolution of the 
X-ray source. The knoWn CT-apparatus is further supplied 
With dose control means for changing an X-ray radiation 
dose Within an angular range during a rotation of the X-ray 
tube. As explained earlier due to a single-slice acquisition 
With a small slice thickness the operator’s hand is unavoid 
ably positioned Within the solid angle of the primary X-rays. 
The knoWn CT-apparatus presents a possibility to reduce the 
dose to the operator’s hand by setting the dose of the primary 
X-ray radiation to Zero or to a loW value in the range of 
angles, corresponding to the operator’s hand position. 

[0012] According to the system of the invention no X-ray 
modulation is necessary, ?rstly because due to the cone 
beam acquisition a substantial angulation betWeen a needle 
and the slice planes is alloWed, and secondly because the 
lighting means are positioned substantially parallel to the 
periphery of the cone-beam, propagating in a plane parallel 
to the source rotation, delineating the space Where the 
X-rays are propagating. 

[0013] A further embodiment of the system according to 
the invention is characteriZed in that the system further 
comprises X-ray shielding means to be positioned substan 
tially in the vicinity of the edge of the cone beam at its 
exterior. ft is generally understood that the operator’s hand 
receives the dose of the X-ray radiation due to the sum of the 
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primary and scattered radiation. According to a common 
practice the shielding means are positioned someWhere near 
the primary beam. In case the acquisition is performed With 
a single-slice CT-apparatus, the shielding means are not 
effective for reducing the dose to the operator’s hand, as the 
majority of the acquired dose by the operator corresponds to 
the primary X-ray beam. The origin of the majority of 
scattered radiation is Within the patient. By placing an X-ray 
radiation shield on the surface of the patient, the dose to the 
operator’s hand can be further reduced. By using the lighting 
means, arranged in the vicinity of the edge of the cone beam 
at its exterior, the shielding means could be positioned as 
close as possible to the cone beam, yet not intercepting it. 

[0014] These and other aspects of the invention Will be 
further explained With reference to the ?gures, Where the 
corresponding numerals depict the corresponding elements. 

[0015] FIG. 1a presents a schematic vieW of an embodi 
ment of the ?uoroscopy system according to the invention. 

[0016] FIG. 1b presents a schematic vieW of the geometry 
of the X-ray cone beam and a corresponding tWo-dimen 
sional X-ray detector. 

[0017] FIG. 1c presents a schematic vieW of the resulting 
image reconstruction slices. 

[0018] FIG. 2 presents a schematic vieW of the interven 
tion geometry With respect to the image reconstruction 
slices. 

[0019] FIG. 3 presents a schematic vieW of the lighting 
means to be arranged at the periphery of the cone-beam. 

[0020] FIG. 1a presents in a schematic Way an embodi 
ment of the system 1 according to the invention. The system 
comprises a CT-apparatus 10, Wherein a patient 11 to be 
examined is positioned on a patient support table 14 and is 
located Within a volume of a CT-gantry 12. The patient 11 
is irradiated With a cone-beam of X-rays propagating from 
an X-ray source (not shoWn in the ?gure), arranged Within 
the CT-gantry 12. The CT-apparatus comprises further driv 
ing means 20 to rotate the X-ray source around the patient 
11. The transmission image is acquired by a tWo-dimen 
sional X-ray detector (not shoWn in the ?gure), arranged 
Within the CT-gantry 12. The ?uoroscopy system 1 further 
comprises intervention means 30 to be positioned Within the 
patient 11, according to a ?uoroscopy intervention proce 
dure. The ?uoroscopy system according to the invention 
further comprises ?rst processing means 40 to perform a 
reconstruction of the cone-beam slices based on the acquired 
data as Well as second processing means 50 to determine the 
image reconstruction slice, presenting the intervention 
means 30 together With a surrounding patient anatomy. 

[0021] FIG. 1b presents a schematic vieW of the geometry 
of the X-ray cone-beam and a corresponding tWo-dimen 
sional X-ray detector. The X-ray source 8, arranged Within 
the gantry of the CT-apparatus 10, shoWn in FIG. 1, gen 
erates the X-rays, Which are propagating Within a cone 9. A 
patient to be examined together With the intervention means 
30, shoWn in FIG.1 are positioned in the CT-gantry 12 
betWeen the X-ray source 8 and the X-ray detector 6, the 
transmitted X-rays being intercepted by the X-ray detector 6. 
The X-ray source 8 is rotated around the axis Z in a plane 
Within the gantry of the CT-apparatus to provide a set of 
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tWo-dimensional transmission data, representing the irradi 
ated tree-dimensional patient volume. 

[0022] FIG. 1c presents a schematic vieW of the resulting 
image reconstruction slices obtained using the ?rst process 
ing means 40. The image reconstruction is preformed by 
means of the ?rst processing means 40 in a manner Well 
knoWn in the art, resulting in a number of tWo-dimensional 
slices 9‘, presenting the anatomy of the patient 11 together 
With an information on the intervention means 30, not shoWn 
in the ?gure. The reconstruction slices 9‘ are obtained based 
on the acquisition of the tWo-dimensional projections on the 
X-ray detector, resulting in number of tWo-dimensional 
slices at different Z positions. Since the individual slices 9‘ 
are thinner than the complete irradiated volume limited by 
the cone-beam geometry, the inherent resolution of the 
image reconstruction can be high and is mainly determined 
by the resolution of the X-ray detector in Z-direction. 

[0023] FIG. 2 presents a schematic vieW of the interven 
tion geometry With respect to the image reconstruction slices 
9‘. Due to the fact that the image reconstruction is performed 
in a multi-slice mode, the intervention tool, for example a 
biopsy needle 30 does not have to be delineated by a single 
slice and, therefore, it can have a substantial angulation With 
respect to the set of the slices. In this case the operator’s 
hand 4 is positioned outside the primary X-ray beam 9, 
minimiZing the X-ray exposure to the operator. The 
extended image volume covered by the set of tWo-dimen 
sional slices 9‘ can be used to obtain important image 
information around the tip of the needle 30. By reconstruct 
ing the spatial position of the needle an oblique reconstruc 
tion slice is de?ned. This procedure is Well knoWn in the art. 
By presenting this oblique reconstruction by means of not 
shoWn second processing means it is possible to present the 
information about the spatial position of the needle With 
respect to the adjacent patient anatomy, Which simpli?es an 
inspection procedure to be performed by the operator. It is 
also possible to provide the needle With position detection 
means 32 to register the position of the needle relative to the 
CT-scanner and to the patient. A method of this kind is 
described in European patent application No. 982020745. 
According to this method it is also possible to provide 
information about the spatial orientation of the oblique slice 
to be reconstructed for guiding purposes. 

[0024] FIG. 3 presents a schematic vieW of the lighting 
means 60 to be arranged at the periphery of the cone-beam. 
The lighting means 60 emit a visible light in order to 
spatially delineate the periphery of the primary X-ray beam 
9 at its exterior. To obtain this a source of the visible light, 
for example a light-emitting diode, is arranged in the vicinity 
of the periphery of the X-ray beam in a plane, close to a 
plane corresponding to the periphery of the cone-beam, 
adjacent to an edge of the cone-beam, spatially delineating 
the cone-beam it its exterior. Due to this technical measure, 
the operator is informed about the spatial position of the 
X-rays and he can take this into account While positioning 
the needle 20 Within the patient 11. It is also possible to 
introduce a number of lighting means arranged parallel to 
each other and With a different distance to the periphery of 
the X-ray source, for example a number of diodes emitting, 
for example, different monochromatic light, each color 
corresponding With a certain isodose around the primary 
X-ray beam, for example With 10%, 50% and 95%, respec 
tively. It is also possible to use the lighting means to inform 
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the operator about the distance of his hand to the X-ray 
beam. This is useful because the operator should avoid, for 
example, the inner light being intercepted by his hand. 

[0025] It is generally understood that the total dose, 
received by the operator’s hand is a sum of the primary and 
scattered radiation. By using the lighting means 60 it is 
possible to position X-ray shielding means 65, for example 
a lead plate in the direct vicinity of the primary X-ray beam 
9, yet not intercepting it. The shielding means 65 serves to 
intercept the scattered radiation, originating Within the irra 
diated volume of the patient. Due to this technical measure 
the X-ray dose to the operator’s hand can be further reduced. 

1. A ?uoroscopy method for obtaining an image of an 
object (11) together With radiopaque intervention means 
(30), the method using a rotating X-ray source (8) and a 
corresponding detector (6) With the object and the interven 
tion rneans positioned betWeen the X-ray source and the 
detector, the method further using processing means, said 
method comprising 

subjecting the object to the X-rays (9) originating from 
the X-ray source; 

positioning the intervention means (30) Within the object 
(11), such that they intercept at least a part of said 
X-rays (9); 

using the processing means (40) to present a spatial 
position of the intervention means (30) With respect to 
the object; characteriZed by a cone beam (9) being used 
as the X-ray source, a two-dimensional detector (6) 
being used as the detector. 

2. A ?uoroscopy method according to claim 1, Wherein 
the spatial position of the intervention means (30) Within the 
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object (11) is presented Within one image reconstruction 
slice by means of an image reconstruction algorithm. 

3. A ?uoroscopy method according to claim 2, Wherein 
the position and the orientation of said reconstruction slice 
is a-priori calculated. 

4. A ?uoroscopy method according to claim 2, Wherein 
the position and the orientation of said reconstruction slice 
is determined With respect to the on-line reconstructed 
image of the intervention means (30). 

5. A ?uoroscopy method according to claim 4, Wherein 
the intervention means (30) are reconstructed using a three 
dirnensional image registration technique. 

6. A ?uoroscopy method according to claim 4, Wherein 
the intervention means (30) are provided With position 
detection means (32), the processing means comprising 
further means for determining the position of the interven 
tion rneans relative to the object (11). 

7. A system (1) for carrying out the method according to 
claim 2, comprising a CT-apparatus (10), including an X-ray 
source (8) for producing a cone beam (9), driving means to 
move the X-ray source (8) in an arc in a plane, a two 
dimensional X-ray detector (6), intervention means (30), 
?rst processing means (40) for carrying out irnage recon 
struction algorithrns, second processing means (50) for 
determining an image reconstruction slice. 

8. A system according to claim 7, further comprising 
lighting means (60) to generate a light beam propagating 
substantially in a plane adjacent to an edge of the cone 
bearn, spatially delineating the cone-bearn it its eXterior. 

9. A system according to claim 8, further comprising 
X-ray shielding means (65) to be positioned substantially in 
the vicinity of the edge of the cone beam (9) at its eXterior. 

* * * * * 


